e report the initial results of an ongoing randomised, prospective study on migration of the Exeter and Elite Plus femoral stems after impaction allografting, as measured by radiostereometry.
Impaction allografting is one of the techniques which is used to address deficiency of femoral bone stock in revision total hip surgery. Gie et al 1 were the first to describe this technique, using the double-tapered polished Exeter stem. Because of its design, it generates radial compressive forces as it subsides within the cement mantle and these were considered to be the critical factor for remodelling of the graft into viable bone. 1, 2 Early reports on impaction grafting showed favourable radiological and good clinical results. 1, 3 Recent articles, however, have raised concern about the incidence and amount of subsidence of doubletapered polished stems when used with impaction grafting. [4] [5] [6] [7] Marked subsidence has been associated with fracture of the cement mantle 6 and early failure. [8] [9] [10] Impaction grafting has been increasingly used with other designs of femoral stem. Some are known to subside less than the Exeter stem in primary total hip arthroplasty. 11 These may also be more stable with impaction grafting and this may be an advantage in severely deficient femora in which marked subsidence of the Exeter stem has been seen. It is not known, however, whether less subsidence is associated with less remodelling of the graft.
We therefore initiated a randomised, prospective study to evaluate the influence of subsidence on the remodelling process. Using radiostereometry (RSA), we studied the patterns of movement of the Exeter stem (Stryker Howmedica Osteonics, Amersfoort, The Netherlands) and of the matt-surfaced flanged collared Elite Plus stem (Johnson & Johnson, Haarlem, The Netherlands) which is designed not to subside when used with impaction grafting. We also studied the influence of various factors on subsidence, particularly deficiency of bone stock. RSA is a reliable method of assessing migration and prosthetic design 12, 13 and has been advocated for the evaluation of new prostheses and surgical techniques. 11 We present the results of this ongoing, prospective randomised study of the first 22 patients of whom 14 had had follow-up for two years.
Patients and Methods
Between 1998 and 2000, 24 consecutive patients underwent cemented revision total hip arthroplasty with impaction bone grafting of the femur. All agreed to participate in the study and were assigned at random, using sealed envelopes, to receive either an Exeter or an Elite Plus stem. The tantalum markers could not be imaged adequately in one patient, and one suffered a traumatic femoral fracture distal to the prosthesis. Thus, 22 patients, 11 with each stem, remained for RSA analysis. There were 12 women and ten men with a mean age of 69 years (30 to 83) and a mean weight of 76 kg (54 to 110) at the time of surgery. The indication for revision was aseptic loosening with severe femoral defects precluding a cemented revision procedure for all patients except one, who had a Girdlestone excision arthroplasty after the removal of an infected prosthesis in 1979. For 17 patients this was the first revision procedure, and for five it was the second. The original diagnoses were primary osteoarthritis in 13 patients, post-traumatic avascular necrosis of the femoral head in three, hip dysplasia in three, fracture of the neck of the femur treated by hemiarthroplasty in two, and necrosis of the femoral head secondary to steroids in one. Before operation, deficiency of the bone stock was scored radiologically on the Endo-Klinik scale 14 as type I (two hips), type II (ten), type III (eight) and type IV (two) (Fig. 1) . During the operation and before impaction, the defects were scored on the scale of Gustilo and Pasternak 15 as type I (two hips), type II (ten) and type III (ten) (Fig. 2) . After randomisation there were no significant differences between the two groups with regard to age, weight and bone deficiency on both classifications, the preoperative Harris hip, RAND and Brooker scores, leg-length discrepancy or the Trendelenburg sign. Operative technique. One surgeon (FCvB) performed all operations using the technique described by Gie et al. 16 A lateral approach with trochanteric osteotomy was used. After removal of the prosthesis, all cement, debris and fibrous membrane, an acrylic plug was placed at least 2 cm distal to the most distal defect. When the plug had to be placed beyond the isthmus, a screw or Kirschner wire was placed transversely to prevent its distal migration. A bone mill was used to produce bone chips of about 5 mm from fresh-frozen femoral heads. No defatting of the graft by rinsing was done. The femur was reinforced with mesh and cerclage wires in three patients, and the calcar was reconstructed with mesh and cerclage wires in 11. Bone chips were inserted and impacted into the femur with either the Elite Plus or the Exeter X-change instrumentation. An Elite Plus or an Exeter stem with a 28 mm head was introduced with erythromycin and colistin-soaked Simplex cement (Stryker Howmedica Osteonics). The greater trochanter was reattached using the technique described by Wroblewski and Shelley. 17 Tantalum markers of 0.8 mm were injected into the femoral cortex, three distal to the level of the trochanteric osteotomy, three into the lesser trochanter and two into the lateral femoral cortex distal to the prosthesis. The first six Elite Plus stems were marked during the operation by the cementing of two tantalum markers onto the shoulder region of the stem and two onto the tip, while the other five Elite Plus and all Exeter stems had been premarked by the manufacturer. Postoperatively, the patients remained on bed rest for three weeks. Antibiotics (cephamandol nafate) were given during and after the operation for two days and anticoagulants for three months. After three weeks, non- weight-bearing mobilisation started and gradually proceeded to full weight-bearing at six months. Radiostereometric analysis. RSA examinations were performed at one, six and 12 weeks, six months and one year after operation for all stems and at two years for six Elite Plus and eight Exeter stems, using the uniplanar technique with the patient supine. 12 The radiographs were covered by grids in order to avoid fogging from the simultaneous exposure. The relative positions of the markers were sent to a Pentium PC by scanning the radiographs manually with a CCD camera attached to the moving arm of a high-precision measurement table. A software package (WinRSA) was used for the mathematical computations (software and measurement table: Tilly Medical Products, Lund, Sweden). We calculated the translations of the heads and of the tips of the prostheses. Subsidence of the tips was taken as 'true' subsidence, since it is least influenced by rotations.
In order to assess reproducibility we repeated the RSA examination after ten minutes on one occasion during follow-up for all patients. 13 No migration of the stems should be seen between these films and any migration which was detected represented noise in our system. 
Results
RSA analysis. The mean subsidence of the Exeter stem was significantly greater at one (p = 0.0001) and two years (p = 0.002) than that of the Elite Plus stem (Table  I) . During the second year, the mean subsidence of the Exeter stem was 0.42 mm (p = 0.008) while the Elite Plus stem showed no significant subsidence (p = 0.22; Fig. 3) . At one year, the mean subsidence of the femoral head was significantly greater than that of the tip (Exeter, p = 0.033 and Elite Plus, p = 0.003), a finding which can be explained by varus alignment or by rotation around the transverse axis. Varus alignment is suggested by the fact that all the femoral heads except one migrated medially relative to the tip. One Exeter femoral head migrated laterally relative to the tip and this was the only prosthesis in which the tip subsided more than the head. Because of the geometry of the stems, valgus alignment of less than approximately 15° will tend to 'elongate' the stem. At one year, medial migration of the head was significantly greater (p = 0.013) for the Elite Plus than for the Exeter femoral head. In the second year, it increased slightly for both prostheses although not significantly (Exeter, p = 0.11 and Elite Plus, p = 0. Subsidence at one and two years did not correlate with age, weight, clinical pre-or postoperative leg-length discrepancy, the amount of bone graft which was used, or the Endoklinik scale, in either group (all p values >0.23). Subsidence did, however, correlate with femoral deficiency on the Gustilo and Pasternak scale only for the Exeter stem (Fig. 4) . At one and two years, the correlations for these stems were, respectively, r = 0.76, p = 0.007 and r = 0.80, p = 0.02. Radiological results. Complete radiological evaluation of the graft was not always possible, especially for the 14 hips in which metal meshes had been used. Graft packing on the postoperative films was excellent in all patients. At one year, we were able to evaluate 83% (146/176) of the zones of Gruen et al 19 (Fig. 5a ). Cortical repair was seen in 23% No significant relationships could be detected between the radiological appearance of the graft at one or two years and the amount of subsidence, or with migration in any direction of the femoral head, for either stem.
At one year, bony union of the greater trochanter was seen in 16 patients and fibrous union in five. One trochanteric fragment had completely avulsed. The cerclage wires had broken in seven patients. No change occurred between one and two years.
Before operation, heterotopic ossification was absent in 11, was grade I in six, grade II in two and grade III in three hips. One year after operation it was absent in 12, grade I in six, and grade II in four; no hip was in grade III. No change occurred between one and two years. The scale of Brooker et al 21 was similar at one and two years in both groups (p = 1.0 and p = 0.545).
No debonding of the stem-cement interface, no fractures of the cement and no radiolucencies were seen in either group. In the Exeter group one stem had been placed in varus (8°) and one in valgus (5°). Remarkably, this was not the stem which showed evidence of valgus deviation. Clinical results At one year, the mean Harris hip score had improved significantly within each group (Elite Plus, p = 0.003 and Exeter, p = 0.003) ( Table II) . The improvements did not differ significantly between the groups (p = 0.66). The Harris hip scores did not change significantly between one and two years (Elite Plus, p = 0.85; Exeter, p = 0.66). The SF-36 scores for pain and physical and social functioning improved significantly in both groups and did not change significantly between one and two years.
All patients except one were able to walk at least one kilometre without symptoms one year after the operation. One patient could not walk more than 10 metres because of severe cardiopulmonary symptoms. At two years, they remained able to walk at least one kilometre without symptoms.
Of the 16 patients with a positive Trendelenburg sign before operation, 13 could elevate the pelvis for more than ten seconds one year after the operation. Six patients had a negative Trendelenburg sign before as well as after the operation. No change in abductor function occurred between one and two years. Of the five patients with fibrous union of the site of the osteotomy only one had a positive Trendelenburg sign. The patient with an avulsed trochanteric fragment had an obvious positive Trendelenburg sign.
The mean leg-length discrepancy improved from 2 cm (0 to 5.5) to 0.7 cm (0 to 2.5) and was similar for both stems (p = 0.95).
A mean amount of 97 g (41 to 170) of bone was impacted during the operation. The amount of bone did not correlate with the deficiency in bone stock on either classification and was similar in both groups (p = 0.37).
Complications. There were systemic complications in seven patients; five cases of infection of the urinary tract, one of delirium and one of myocardial infarction. One patient was readmitted with local haemorrhage six weeks after the operation. The bone graft in the proximal femur showed trabecular incorporation without signs of loosening of the stem in the patient whose femur had been plated because of a traumatic fracture.
No hip has dislocated and none required further surgery. Subsidence of stems by more than a certain amount has been associated with thigh pain, 4 aseptic loosening, 30 dislocation, 6 and an increased requirement for revision. 8, 9, 31 In a previous study, we reported good results using the Exeter stem even with severely defective femora. 5 However, 33% showed subsidence of more than 5 mm and 19% more than 15 mm. Because of the adverse effects of subsidence, a non-subsiding stem may be preferable when using impaction grafting. In our study, the mean subsidence in the first postoperative year of the Elite Plus stem was 0.20 mm, while that of the Exeter stem was 1.30 mm. Moreover, in the second year the Elite plus stem did not subside significantly, while the Exeter stem continued to subside, albeit at a slower rate. No relationship could be detected between the amount of subsidence and the radiological appearance of the proximal femur for either stem. Although the graft around both stems was loaded, no additional effect on the remodelling process was seen with the subsidence of the Exeter stem. These findings do not support the theory that radial compression due to subsidence of the Exeter stem, is the essential stimulus for remodelling. Osteoinductive properties of the graft, via growth factors, and osteoconductive properties, via the matrix, probably play an equally important role in the remodelling process as does loading. 32 It should be noted, however, that the radiological evaluation of the bone graft is not only very arbitrary, 29, 33 but also that the correlation with histological changes is unclear. 20 All the stems except one showed evidence of varus deviation, the Elite Plus stem significantly more than the Exeter stem. Posterior migration of the Elite Plus femoral head was significantly greater than that of the Exeter head. Theoretically, posterior migration of the femoral head can be explained by rotation around the transverse or longitudinal axes. Rotational stresses on the stem are considerable. 34 Therefore, the difference in posterior migration between the two types of stem is probably caused by rotation around the longitudinal axis. Because of its rounded shape, the Elite Plus stem could be more susceptible to these forces.
The pattern of distal, medial and posterior migration of the femoral head is similar to that reported in three other published RSA studies on impaction grafting, [35] [36] [37] and an additional three studies on primary stems. 11, 38 Quantitative comparison of the amount of migration in these studies, however, is precluded by differences in the patient population, operative technique, postoperative mobilisation protocols and the time interval before the initial examination. 37 We found a strong correlation between the Gustilo and Pasternak 15 scale and subsidence of the Exeter stem at one and two years. This was not found for the Elite Plus stem. The polished double-tapered Exeter stem may be more susceptible to deficiencies in the proximal femur because of its expansive character with subsidence. No other influence on subsidence could be identified.
In both stems improvement of the Harris hip and social scores was seen as well as disappearance of the Trendelenburg sign and leg-length discrepancy. There are no studies on the long-term results of the impaction technique, but Leopold et al 33 reported survival of 92% at six years for a precoated, collared stem, with aseptic loosening as the endpoint. These initial results show that impaction grafting with both the Exeter and the Elite Plus stem gives good clinical and radiological results. The latter may have the advantage of less subsidence, which was not found to be influenced by the degree of deficiency of bone stock.
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